From Fig. A7 the temperture dependence of the photoconductance at constant spin number has been derived and reproduced in Fig. 7 (of the main part). In the range above 7\, the activation energy of the conductance amounts to Zl£'1«0.25 eV. In the range below Tu AE-2 is lying between 0.06 and 0.09 eV, 1 D. Geist and J. Meyer, Carrier Mobility in High Purity
depending on the spin number N. The low tempera ture parts of the curves may also be traced by gen erating a certain spin number at a low temperature by illumination (say N = 1016) and heating up slow ly (curve h ). A gradient coil has been constructed for exact relative measurements of the longitudinal (Dl) and transverse (Dt) diffusion coefficients of nematic liquid crystals and of small molecules dissolved therein.
Some small molecules dissolved in the nematic phase of Licristal IV showed a Dl/Dt ratio varying from about 1.1 to 1.25, depending on the concentration. In contrast, tetramethylsilane dis solved in p-methoxy-benzylidene-p'-n-butyl-aniline showed no anisotropy in the nematic phase.
Introduction
Measurements of self diffusion coefficients in nematic liquid solutions have been reported in an earlier paper 1. It was not possible, however, to sub stantiate the anisotropy of diffusion in a magnetic field. From the estimated accuracy of measurement it was concluded that the anisotropy could not be more than 30%. A similar measurement has been published by Murphy and Doane2, who, however, revoked their results in a later communication 3. To make an absolute measurement of two diffusion coefficients which differ by only 30% or even less is Reprint requests to Dr. G. J. Krüger, Magnetic Resonance Laboratory, Physics Division, EURATOM-CCR, 1-21020 Ispra (Varese)/Italy. rather difficult. A new measuring arrangement has therefore been constructed which allows rather ac curate relative measurements in the longitudinal and transverse directions with respect to the magnetic field.
Apparatus and Measurements
The measurements were done by pulsed NMR techniques with pulsed field gradients at 48 MHz using the 90° -180' spin echo4' 5. The amplitude M of the nuclear spin echo in the presence of large gradient pulses is given by 5:
where M0 is the echo amplitude without gradient pulses, y gyromagnetic ratio of the nuclei, D their diffusion coefficient, d width and A spacing of the gradient pulses of magnitude G. In order to measure accurately the longitudinal and transverse diffusion coefficients it is necessary to apply precisely known field gradients in these two directions. For this pur pose a rectangular gradient coil was constructed, with square symmetry, which can be rotated by 45° about its longest dimension. Figure schematically together with sample and RF coil in the magnetic field H0 . In the position shown the coil produces a gradient which is longitudinal with respect to H0 . If it is turned by 45 ° the gradient is transverse to H0. This is due to the fact that any transverse magnetic field components of the gradient coil do not contribute to the gradient, but simply change the direction of the strong magnetic field slightly. If the coil is exactly quadratic the magni tude of the field gradients in both positions should be exactly the same, provided the current in the coil is the same. The magnetic field gradients of our coil measured by use of the Bessel function A0 in the free induction decay of a cylindrical sample were, to within 1%, equal in both directions. Some test measurements with liquids of known diffusion coef ficient agreed very well with former measure ments 6. If the whole pulse programme and the cur rent in the coil is kept constant, the ratio of the longitudinal diffusion coefficient D^ to the trans verse diffusion coefficient Dj is given by:
Since MJM is obtained directly from the photo graph of the oscilloscope screen, there are no cali bration errors. The measurements with isotropic liquids gave the result (Öl/Öt) isotropic = 0.99 ± 0 .0 2 . This is so close to unity that it does not seem reasonable to correct the D ijD i ratio obtained in nematic solutions for the anisotropy of the coil. We account for this small error in the final result by adding a systematic error of i 3% which also covers the non-linearity errors of oscilloscope and camera used for the measurements.
Measurements and Results
As samples, we used solutions of tetramethylsilane (TMS), l,l-dichloro-2,2-difluoro ethylene (DDE) and l,l,l-trichloro-2,2,2-trifluoro ethane (TTE) in Licristal IV 7. A small amount of the organic free radical DPPH was added in order to shorten the spin lattice relaxation time Tx. In ad dition, some samples of TMS in p-methoxy-benzylidene-p'-n-butybaniline (MBBA)) 8 without DPPH were used for oomparison with the results of Murphy and Doane 2' 3. The concentrations were determined approximately only from a comparison of the signal amplitudes of solute and solvent. Some preliminary measurements using a 90° -45° pulse sequence for the echo 1 were done with the neat nematic phase of Licristal IV.
The measurements in the nematic phase were car ried out with the proton signal of TMS and with the 19F signal of DDE and TTE. In the isotropic phase the 19F signal of DDE and TTE and the proton signal of the solutions were used. The latter there fore gives the diffusion coefficient of the solvent rather than that of the dissolved molecules. The gradient was varied from 90 to 250 Oe/cm. The sample temperature was controlled by a heated or cooled air stream and was reproducible to i 1 C measured by a thermocouple attached to the outside of the sample tube. Once thermal equilibrium was reached a set of measurements was carried out rotating the gradient coil forwards and backwards. The temperature, though not known absolutely, was exactly the same for both directions of the field gradient as were all the other parameters. Thus, the only parameter varied was the direction of the field gradient and Eq. (2) could be applied. At the same time Eq. (1) was used to obtain the values for the diffusion coefficients. Table 1 gives the ratios D\JD^ together with their errors. The values of the diffusion coefficients of the various samples are shown in Fig. 2 to 5 . Z)p,L and Z)F T are the longitudinal and transverse diffusion coefficients of 19F, Z)Pil and Z)pT those of the protons, and Df j s and Dp> ;8 are the isotropic diffusion coefficients of 19F and protons respecti vely. Figure 6 shows the preliminary results ob tained with neat Licristal IV. The absolute accu racy is not better than ±15% (±30% in the case of Figure 6 ). In general, our measurements show that the dis solved molecules move faster than the liquid crystal line solvent in both the nematic and the isotropic phase. All diffusion coefficients increase with in creasing concentration of the solute. Furthermore, the 19F diffusion coefficients indicate that Dy,'r Dy, is at the clearing point, whereas Z)f ,l > Dy,t at any temperature in the nematic phase (Figures 2  and 3 ). The same behaviour is shown by the dif fusion coefficients of the neat phase ( Figure 6 ). It seems, therefore, that the transverse diffusion coef ficient corresponds to the isotropic one, having also the same temperature dependence. The longitudinal diffusion coefficient is, however, larger up to the clearing point and drops when the temperature is raised into the isotropic range. A similar result was obtained by Blinc in neat MBBA 9.
The activation energies of the different diffusion coefficients are also listed in Table 1 Table 1 have, therefore, been aver aged over all temperatures. The errors given are composed of the mean square errors and the syste matic error of 3% mentioned in Section 2. It can be seen that the anisotropy of the diffusion coefficient of the dissolved molecules is smaller than that of the nematic phase itself and that it becomes smaller with increasing concentration of the solute. 
B) MBBA Samples
The diffusion coefficients of TMS dissolved in MBBA in different concentrations are shown in Figure 7 . Table 2 gives the activation energies. In these measurements it was not possible to distinguish between Z)l and Z)t in the nematic phase. This does not agree at all with the original results of Murphy and Doane 2 and is further proof that these must be disregarded completely. 
Conclusion
In conclusion we state that the anisotropy of dif fusion of TMS dissolved in MBBA is very small compared with that of some small molecules dis solved in Licristal IV. If there is anisotropy, how ever, we find that the transverse diffusion coefficient equals the isotropic one at the clearing point whereas the longitudinal one is larger.
